The two field experiments were conducted during 2015 and 2016 seasons at the Experimental Farm of Rice Research Department (RRD), Sakha, Kafrelsheikh, Egypt. In order to examine the response of Egyptian hybrid rice one cultivar to foliar application of zinc sulphate, potassium sulphate and magnesium silicate. A randomized complete block design (R.C.B.D.) with four replications was used in the two seasons. The used treatments of foliar applications of zinc sulphate, potassium sulphate and magnesium silicate were used as follows: (T 1 ) , control (without any application of the three tested compounds); (T 2 ), Zinc sulphate; (T 3 ), potassium sulphate; (T 4 ), magnesium silicate; (T 5 ), Zinc sulphate + potassium sulphate; (T 6 ),Zinc sulphate + magnesium silicate; (T 7 ), potassium sulphate + magnesium silicate and (T 8 ), Zinc sulphate + potassium sulphate + magnesium silicate. The foliar applications treatments were applied twice with the same concentration 2% at 15 and 30 days after transplanting. The studied characters were; plant height (cm), leaf area index, dry matter accumulation (g/m 2 ), chlorophyll content in flag leaf ( SPAD-Value), number of tillers per m 2 , number of panicles per m 2 , number of grains per panicle, panicle weight (g), filled grain percentage, thousand grain weight, grain yield(ton/ha) and hulling, milling, head rice and milled grain protein percentages. The results showed that combined foliar application of the three tested compounds caused an increased in the previous studied growth characters, yield, yield attributes and grain quality of the Egyptian hybrid rice one cultivar. While, control treatment (without spraying) resulted maximum thousand grain weight (g) without significant differences between control and combined application of the three tested compounds in this criteria. All the other parameters showed overlapping results of different foliar application treatments. According to the previous results, it could be concluded and that: Using foliar application of zinc sulphate, potassium sulphate and magnesium silicate twice with the same concentration 2.0% at (15 and 30 days after transplanting) was the best treatment for obtaining the greatest grain yield besides improving growth and the grain quality of Egyptian hybrid rice one cultivar. Using of the previous fertilizer compounds as foliar spray saved about more than two thirds from the amount of zinc sulphate and potassium sulphate if applied as basal application which is a result to application of magnesium silicate which caused integration with zinc sulphate and potassium sulphate.
INTRODUCTION
Rice is the main foodstuff for more than 90% of the Egyptian population. Rice considered one of the most important cereal crops of the world and the oldest cultivated crops in the earth which grown in a wide range of climatic zones. Improving rice grain yield per unit land area is the only way to achieve the increase of rice production because of the reduction in area devoted to rice production. It must be developed the rice varieties with higher yield potential to enhance the average farm yields of irrigated rice to increase the world's total rice production. Hybrid rice is an important step towards augmentation and maximizing rice grain yield. Hybrid rice cultivar is the product from a cross between two genetically distinct rice parents, so when the parents are selected right, the hybrid will have both greater seedling vigor and grain yield than either of the parents (Xie et al., 2007) . Consequently, hybrid rice cultivar is considered the only way to improve and maximize rice grain yield by exploiting the heterosis in the F 1 hybrid rice cultivars (Abo Youssef et al., 2005) . Integrated nutrients management (INM) for hybrid rice cultivar is the most common approach to maximize grain yield production (Bhowmick and Nayak, 2000) . Zinc as a micronutrient is essential element for all plants especially rice plants and being absorbed in the form of Zn 2 ions. Zinc play co active (co catalytic), catalytic and structural roles in a large number of enzymes and it is involved in the catabolism and biosynthesis of proteins, nucleic acids, carbohydrates and lipids these results reported by Marschner (1996) and Pedas et al. (2009) . The deficiency of the zinc decreased the levels of flowering and seed development, reduced amount of protein and decreased the number of starch grains, (Singh et al., 2005) . Zinc is indispensable for the stability and integrity of plasma membranes consequently protects proteins and membrane lipids against oxidative damage (Zhao et al., 2005) . Consequently zinc application to plants may have a vital role in nutrient uptake and homeostasis. More than half of the agricultural soils in the world are under zinc deficiency (Cakmak, 2002) . Also, zinc malnutrition is one of the most common mineral disorders in cereal crops (Cakmak et al., 1999) . Excess zinc may have negative consequential effects on plant growth as it may result in deficiency of other nutrients such as magnesium, iron and phosphorus. Increased oxidative stress after plant exposure to excess zinc has been reported by several investigators (Sharma et al., 1986 and Wang et al., 2009) . Rice grain is the most important dietary source of many minerals like zinc. In addition to yield reduction, zinc deficiency may decrease rice grain quality due to low zinc content in the grains. Zinc deficiency is a widespread problem in rice production under waterlogged conditions which caused a yield reduction and decreased quality of the rice grains (Impa et al., 2013) . Potassium is linked with all phenomena of plant photosynthesis, respiration, metabolism of fats, carbohydrates and nitrogenous compounds, enzyme activation, cell elongation and water efficiency, so it is considered the key element in hybrid rice nutrition for improving root growth and plant vigor, helping prevent lodging and enhancing rice resistance to pests and diseases (Krishnakumar et al., 2005) .
Using of potassium nutrition, with hybrid rice behaving physiological advantage in nutrient uptake and use efficiency than inbred rice to achieve higher grain yield potential (Liu and Liu, 1997 and Hu and Wang, 2003 . Hybrid rice produce 15-20% yield over inbred cultivars (Tu et al., 2000 and Yuan, 2004) . Hybrid rice cultivars needs more potassium due to a well-developed root system and vigorous growth than do the ordinary rice varieties (Xu and Bao, 1995) . Potassium is a macronutrient which involved in many plant processes critical for optimum growth, yield and quality of crops.
Potassium plays a number of indispensable roles in a wide range of functions: photosynthesis, translocation assimilates, enzyme activation, osmotic potential, protein synthesis and as a counter ion to inorganic ions and organic biopolymers. The application of potassium sulphate as foliar results in fast potassium absorption and has advantage of quickly correcting deficiencies. Potassium is involved in sugar translocation (assimilates) and is an important counteranion for nitrate transport in the xylem. The transport rate of solutes in the phloem depends on the plant potassium concentration (Marschner, 1996) . Silicate nutrition considered as an agronomically essential element for increasing and sustaining rice production (Takahashi and Miyake, 1977 and Yoshida, 1981) . Magnesium silicate improves the membrane functioning of the plant cell and integrity consequently increases the uptake and transportation of the nutrients (Neumann and Nieden, 2001 and Gong et al., 2006) . Use silicon as foliar application to rice leads to its normal growth. The resistance to lodging and erectness of leaves improved by magnesium silicate application and allows better light transmittance through plant canopies and consequently improves whole plant photosynthesis, thus, increased markedly rice grain yield (Tamai and Ma, 2008) . Magnesium silicate mitigates Zn toxicity in rice (Song et al., 2011 and Gu et al., 2012) . Accordingly, this study was carried out to obtain the response of Egyptian hybrid rice one cultivar to zinc sulphate, potassium sulphate and magnesium silicate as foliar application on growth, yield and grains quality.
MATERIALS AND METHODS
The field experiments were conducted at the Experimental Farm of Rice Research Department (RRD), Sakha, Kafrelsheikh, Egypt during 2015 and 2016 rice seasons. The main objective of this investigation was aimed to study the response of Egyptian hybrid rice one cultivar to foliar application of zinc sulphate, potassium sulphate and magnesium silicate. Barley was the previous crop during the both seasons of the study. The soil samples representative were taken from the experimental site at the depth of 0 to 30 cm from the soil surface and both of some chemical and physical analyses were done. To procedure the soil analysis followed the methods described by (Black et al., 1965) . Soil chemical and physical analysis of the experimental site during 2015 and 2016 seasons showed that Soil texture was clayey with Clay % 57.00 and 54.00, Sand % 11.00 and 11.00, Silt % 32.00 and 35.00, pH (1: 2.5 water suspension) The experimental design was randomized complete block design (R.C.B.D) with four replications. The assigned eight foliar application treatments i.e., Zinc as {zinc sulphate (22% Zn) } , potassium as {potassium sulphate (48% K 2 O)} and silicate as {magnesium silicate (25% Sio 2 )} used in this study were arranged as follows: (T 1 ) , control (without application), (T 2 ), Zinc sulphate, (T 3 ), potassium sulphate, (T 4 ), magnesium silicate, (T 5 ), Zinc sulphate + potassium sulphate, (T 6 ),Zinc sulphate+ magnesium silicate, (T 7 ), potassium sulphate + magnesium silicate and (T 8 ), Zinc sulphate + potassium sulphate + magnesium silicate . The foliar application of the nutrients with the same concentration at the rate of 2% applied twice at 15 and 30 days after transplanting.
Nursery and preparation:
The nursery area was identified, ploughed and well dry leveled then, 4 kg calcium super phosphate (15.5% P 2 O 5 /175 m 2 land area) before ploughing, 3 kg urea (46.5% N/175 m 2 land area) was added after ploughing. The seeds of hybrid rice, at the rate of 24 kg ha -1 , were soaked in fresh water for 24 hrs. and incubated for another 48 hrs. to hasten early germination. Pre-germinated seeds were broadcasted in the nursery with 2 to 3 cm water depth on May 19 th in 2015 and 2016 seasons. Weeds were chemically controlled in nursery land using Saturn 50% at the rate of 5 liters/ha (85 cm 3 / 175 m 2 land area) mixed with enough sand to make it easy for homogenous distribution and it was applied at seven days after sowing into 3 cm water depth. The other cultural practices were applied as recommended for the nursery.
The permanent field
The experimental site was identified and prepared by plowing twice and harrowing then, well dry leveling was done and wet light leveling was carefully made. Each plot of the experimental site was fertilized by 36 kg P 2 O 5 per ha in the form of calcium super phosphate (15.5% P 2 O 5 ) during the preparation of the soil. Nitrogen fertilizer was added according to the recommendation as urea form (46.5% N) at the rate of 165 kg N/ha as recommended in two split doses (2/3 as basal, 1/3 top dressing at 30 days after transplanting). Seedling were pulled and transferred at twenty five days old to the permanent field then, transplanted regularly at 20*20 cm distances between hills and rows(25hills m -2 ). Two seedlings per hill in all plots were transplanted in both studied seasons. The plot size was 12 m 2 (3 × 4). Weeds were chemically controlled using Saturn 50% at the rate of 5 L/ ha. It was mixed with enough sand to make it easy for homogenous distribution. It was applied four days after transplanting into 3 cm water depth and kept without either flushing or irrigation until all the water in the field reach to the saturation to increase the efficiency of the herbicide to control weeds. Adair (1952) and Grain protein percentage in milled grains was determined according to standard Kjeldahl method, then, crude protein was calculated by multiplying nitrogen percent by a factor of 5.95.
Statistical analysis:
The data were subjected to analyses of variance which described by Gomez K. and A. Gomez (1984) and all statistical analysis was performed by using "MSTATC" computer software package according to Russell F. (1986) . The treatment means were compared by using Duncan's Multiple Range Test which described by Duncan D. (1955) .
RESULTS AND DISCUSSION

A-Growth characters:
Means of leaf area index, dry matter accumulation (g/m 2 ) at booting period and plant height (cm) at 5 days before harvest of Egyptian hybrid rice one cultivar as affected by foliar application of zinc sulphate, potassium sulphate and magnesium silicate in 2015 and 2016 are presented in Table 1 . Data demonstrated that sprayed each of the used fertilizers caused an increase in leaf area index, dry matter accumulation and plant height as compared with the control treatment which didn't receive any of the tested compounds. The greatest values of the previously studied growth characters were obtained from the three tested compounds combined and sprayed together (T 8 treatment), followed by the combination between zinc sulphate and magnesium silicate (T 6 treatment) in the two studied seasons, respectively. While the lowest values of the three previously mentioned growth characters were observed with control (T 1 treatment). This increase may be due to the favorable effect of zinc on cell division and elongation of internodes and the role of Zn as a co-factor in the enzymatic reactions of the anabolic pathways which led to increase the uptake of nutrients as well as the improving the activation of various types of enzymes, such as those required for the CO 2 assimilation pathway and chlorophyll synthesis. These results reported by, Mawardi et al. (1980) and Sakal and Singh (1983) . The superiority of the potassium when applied as foliar spray could mainly be due to its role for increase the potassium supply viability of rice leaves and delayed leaf senescence specially flag leaf as the result of the increase in both protein and chlorophyll synthesis with the reduction in abcisic acid (ABA), also, potassium improve the activity of the enzymes related to biosynthesis of auxinex and growth substances in plants which improve the plant growth consequently the increase in photosynthesis and its products (assimilates) resulted in increased the dry matter accumulation (Randall et al., 2003) . Magnesium silicate improves the architecture of rice plants by increasing the light penetration through the leaves of the plants, which generates an increase of both leaf area index and photosynthetic rate. The increases of photosynthetic rate causes an increase in NADP, NADPH reducing power, and consequently higher nitrogen assimilation capacity and more dry matter accumulation (Taiz and Zeiger, 2010) . Interesting silica had favorable effect on rice growth, since it improve photosynthesis, reducing respiration and increased cell division and elongation turn in good canopy resulted in high LAI. Similar findings had been reported by Singh and Singh (2006) and Singh et al. (2006) . (T 1 treatment) . The highest values of the previously mentioned characters were found when the three tested compounds were combined together and applied to the tested cultivar as foliar spray, followed by (T 6 treatment) which had zinc sulphate and magnesium silicate. On the other hand the lowest values of both chlorophyll content and number of tillers/m 2 were observed under control treatment. These results were hold true in the two studied seasons. This increase might be due to the favorable effect of zinc on tillers stimulation in tillering stage. Application of potassium resulted in increasing leaf K content, which considered co-activator of enzymes related to chlorophyll biosynthesis formation process present in chloroplasts and photosynthetic reactions (Pan et al., 2004 and Taiz and Zeiger, 2010) . The application of magnesium silicate resulted in a smaller opening of the leaf angle of rice plants. This effect madeing the plant leaves more erect and reduced the self-shading of lower leaves of the canopy (Deren et al., 1994) , which made the plants more photosynthetically efficient and better able to exploit the space available to intercept solar radiation and also increasing their leaves and viability longevity . Improving rice growth as a result of magnesium silicate application that might be attributed to enhancing early growth, increasing nutrient availability and uptake and improving of cell nodes and bud division, turn in more developing tillers. The results are in agreement with those reported by Ali et al. (2012) and Ahmad et al. (2013) . 
B-Yield and its attributes:
Data associated with number of panicles/m 2 , number of grains/panicle and panicle weights (g) of Egyptian hybrid rice cultivar as influenced by foliar application of zinc sulphate, potassium sulphate and magnesium silicate in the studied seasons are listed in Table 3 . In the two seasons the application of each of the tested fertilizers or their combinations caused a significant increase in number of panicles/m 2 , number of grains per panicle and panicle weight as compared with control treatment. The lowest values of these characters were found when the tested cultivar didn't receive any of the fertilizer treatments (control). The greatest values of the three previously mentioned characters were recorded when the tested rice cultivar sprayed by the combination of the three fertilizer compounds together, followed by treatment which received zinc sulphate plus magnesium silicate. Under severe zinc deficiency, tillering decreases and may stop completely. So, zinc application increase number of panicles per m 2 especially productive tillers and the weight of panicle as a result of number of grains per panicle and filled grains percentage. The effect of zinc on these characters might be due to the increase in metabolites translated from source to sink. These results are in hold true with those reported by Das (1986) , Dutta et al. (1987) and AbdelWhab et al. (1992) . The superiority of potassium application could mainly be due to their capability on produce more effective tillers (number of panicles) as a result to enhancement the nods and buds to emerge early tillers that mostly productive tillers or number of panicles and the buds emerge leaves. The increase in both productive tillers and leaves led to increase the canopy of the tested rice cultivar consequently increase the photosynthesis and its products. In this case potassium as a cofactors in most of the transferring enzymes cause improving in the activity of these enzymes consequently increase in the translocation of metabolites from source (especially flag leaf) to the sink (panicles and spikelets) that increase the filling rate and percentage resulted in increase the weight of panicles and number of filled grains. Such results were observed by Ebaid and Ghanem (2001) and Omer (2002) . Adding magnesium silicate as foliar sprays ensures and promotes panicle differentiation and primordia formation resulted high panicles number. The favorable impact of magnesium silicate application might be attributed to increase leaf water potential, bioavailability of nutrient, increasing antioxidant, elevated growth hormones and regulators, reducing transpiration rate, increasing photosynthesis rate, improving cell membrane stability, increasing energy compound and encourage cell division and elongation. Furthermore, silica contractors the abundant of ABA release which inhibited panicle exertion by reducing panicle peduncle elongation and division. Applying silica might increase IAA and GA3 formation that reduce ABA formation. The current findings are in a good agreement with those reported by Arab et al. (2011) and Dastan et al. (2011) . Application of magnesium silicate improved photosynthesis, fasten and proper zed assimilates production and translocation, optimizing current photosynthesis and maximizing catabolism against anabolism. The current findings are in a good agreement with those reported by Singh and Singh (2006) and Singh et al., (2006) . As for filled grains percentage, thousand grain weight (g) and grain yield (ton/ha) data in Table 4 documented that the application of each eight tested fertilizer treatments or their combinations caused an increase in the previously mentioned characters as compared with control except thousand grain weight which reached to the maximum value under control treatment also, the lowest filled grain percentage and grain yield were found with control treatment. The greatest values of both filling grains percentage and grain yield were obtained when the three fertilizer compounds were combined together and applied as foliar spray two times of the tested cultivar. The combination of zinc sulphate and magnesium silicate came in the second rank after the (T 8 treatment) in the two studied seasons. Grain yield, in fact, is the outproduct of its main components. The increase in most of these components will reflect in the increase in grain yield. Therefore, the increase in grain yield due to applying zinc was the logical resultant due to the achieving increased in its components, i.e. the number of panicles per m 2 , filled grains percentage and the number of grain per panicle. Similar trend was found by Abdel-Whab et al. (1992) .These increases of grain yield might be owing to the foliar of potassium to the rice which is more beneficial and increase the amount and translocation of carbohydrates from stems, leaf sheathes and other storage organs to grain, leading to high sink capacity and subsequently, higher grain yield as a result to the role of potassium for enhancing the activity of enzymes related to the biosynthesis of carbohydrate. The results confirm the findings of Nagarathna and Prakasha (2007) . Results also revealed that magnesium silicate addition helped plant growth, which might be due to the increased photosynthetic efficiency upon silicate addition, and it was exerted through the numbers of productive tillers, panicle length, the percentage of filling grains. Also, because of the role of silicon in increase the strength of cell wall by precipitate the cuticle layer resulted in more erect leaves which gave the chance of light to penetrate most of the leaves that increase the photosynthesis and its products consequently increase filling rate and percentage which lead to increase grain yield. Effects of silicon on yield are related to the deposition of the element under the leaf epidermis which results a physical mechanism of defense, reduces lodging, increases photosynthesis capacity and decreases transpiration losses (Korndörfer et al., 2004) . Table 5 . Data indicated that the application of each of the fertilizer compounds or their combinations caused an increase in the percentage of hulling, milling, head rice and protein in milled rice as compared with control. The lowest values of the previously mentioned grain quality and protein percentage were observed when the tested rice cultivar didn't receive any of the tested fertilizer compounds in the two studied seasons. While the highest values of these characters were obtained when the tested rice cultivar was sprayed by the combinations of the three used fertilizer compounds (T 8 treatment), followed by the treatment which had zinc sulphate plus magnesium silicate (T 6 treatment). Both zinc and potassium as a co-activator for high number of enzymes improve and enhance the activity of these enzymes which increase the biosynthesis of protein, carbohydrates and lipids as well as the metabolic absorption of nutrients by plant. Also, potassium as a co-activator for about 64 enzymes in rice some of them are transferring enzymes. These enzymes responsible for the translocate all the previously mentioned metabolites or assimilates from the source of rice plant to its sink consequently increase the filling processes resulted in increase in filling grains. In this case the starch will be filled the endosperm of grain completely that minimized both vacuoles among the starch layers which led to decrease the broken grains and minimized the weight and thickness of the hull resulted in increased in hulling, milling and head rice percentage consequently improve the grain quality characters. These findings are in close agreement with those reported by Omer (2002) and Bahmaniar and Ranjbar (2007) . As, previously mentioned the increases in hulling, milling, head rice and protein percentage under the tested fertilizer treatments could be attributed to the role of silicon in increase the erectness of leaves (small angle between the leaf and culm) which gave the chance for light to penetrate through more number of leaves that that increase the photosynthesis processes resulted in increased in more dry matter accumulation in plant canopy. The current findings are in a same line with those reported by Shashidhar et al. (2008) and Ahmad et al. (2013) . 
